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I A polyetheresteramide having good tieat restetance, pennanentty antistatic property and superior 
compatibOlty with thennoplastic resins and a resin composition containing the polyetheresteramide are 
disclosed. The polyetherester-amide consists essentially of a polyamide ol^onter with cart>oxyllc chain 
ends having a number average molecular weight t)etween 200 to 5,000 and a bisphend compound with 
oxyalkylene units having a number average moiecuiar weight l>etween 300 to 3,000. Antistatic resin 
oompG^^ns with good antistatic property and heat resistance are obtained from compositions 
comprbing 3 to 40 % by weight of the polyetheresteramide and 60 to 97 % t^ weight of thennoplastic 
resins. The antistatic resin compositions can contain as compatibilizers vinyl polymers having 
tunctionai groups such as carboxyl and epoxy groups or block polymers containing polyolefin blocks 
and aromatic vinyl polymer blocks. 

To furttier Improve ttie antistatic property of ttie resin composition a composition comprising at least 
97 % by weight of the polyetheresteramkle and at least 0.01 % by weight of an alkali metal or alkaline 
earth metal halide can be used In the same way as ttie polyethersteramkle. 
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Background of the Invention 

This invention relates to a polyetheresteramide and antistatic resin compositions compounded therewith. 
More particularly, the invention relates to a polyetheresteramide with high heat resistance, permanently anti- 
5 static property and superior compatibility with thermoplastic resins, and antistatic resin compositions com- 
pounded therewith. 

Pdyetheresteramides have been known as an antistatic agent for thenfnoplastic resins. For example, GB- 
A-2063279 discloses a polyetheresteramide synthesized from polyamide forming components, polyoxyalky- 
lene glycols and dicarboxylic adds. US-A- 5096995 describes a transparent polyetheresteramide obtained by 

10 the polyoondensation of polyamide forming components, polyoxyalkylene polyols of relatively low molecular 
weight containing aromatic rings such as alkylene bisphenyl group, polyoxyallcylene glycols and dicarboxylic 
adds. EP-A-303489 and GB-A-21 1 2789 describe resin compositions consisting of a polyetheresteramide con- 
taining pdyoxyalkylene chains and a matrix resin such as ABS resin or pdydef in. Furthermore, JP-A-3-290464 
disdoses a thenmoplastic resin composition consisting of a polyetheresteramide synthesized by using potyox- 

15 yalkylene glycds and pdydef ins modified with add anhydride, and US-A-5169899 discloses a thenmoplastic 
resin composition consisting of a polyetheresteramide synthesized by using polyoxyalkylene glycols and styr- 
ene copdymers modified with rubber. JP-A-1 -163234 describes a thermoplastic resin composition consisting 
of a pdyetheresterwnkle synthesized by using polyoxyalkylene glycols, pdydef ins and nxxiified pdydef ins 
having functional groups such as carboxyl and amino groups. JP-B-4-72855 describes a themwplastic resin 

20 composition consisting of a polyetheresteramide synthesized by using potyoxyethylene glycds, ABS resin and 
modified polyvinyl polymers containing carboxyl groups. JP-Ar64-62343 discolses a resin compositk)n con- 
sisting of polyamkJe dastomers such as polyetheresteramide, antistatic agents, alkali metal salts and elasto- 
meric pdydef ins whtoh are grafted with a oombinatton of vinyl monomers containing f unctbnal groups such 
as methacryllc add and a maleimide compound or styrene. 

25 IHowever, the pdyetheresteramkJes or the resin compositk>ns compounded therewith whteh are described 
in the references cited above in no way exhibit well-ballanced antistatic^ property, heat resistance, rrmldability 
and compatibility with thermoplastte resins. For example, the pdyetheresteramkie described in GB-A-2063279 
has a poor heat resistance, because of the pdyether component originating from pdyoxyalkylene glycd con- 
tained in the pdymer. Therelbne, the polyetheresteramide partially decomposes by heat, when compounded 

30 with a thermoplastic resin and mdded. The mdded articles thus obtained are not satisfactory in nr^hanical 
strength, appearance and antistatte property. Furthermore, the poor compatibility of the polyn^r with thermo- 
plastic resins has a disadvantage of requiring a large anK)unt of compatibilizer when it is compounded with 
thermoplastic resins. The pdyetheresteramkie disdosed In U&-A-50969^ has an improved compatibility with 
matrix resins, because of the pdymer component of a relativdy low mdecular weight pdyoxyalkylene pdyol 

35 with aromatk: rings. However, as antistatic property is imparted to the pdyetheresteramide by the pdyoxyalk- 
ylene glycd structure in the pdymer chain, not only the antistatic performance but also the heat resistance of 
the pdymer is Insuff k»ent The polyetheresteramide described in JP-A-64-62343 has an improved antistatic 
property. How^fer. it exhibits an insuff k:ient heat resisitance, because the polymer is composed of a pdyox- 
yalkylene glycd with no aromatic rings and a pdyamkJe component, as in the case of the pdyetheresteramkie 

40 described in GB-A>2063297. 

The present invention seeks to provkie a pdyetheresteramide with superior heat resistance, penmanently 
antistatic property and compatibility with thermoplastic resins. The inventton also seeks to provkie an antistatic 
res'm composition with superior permanently antistatk: property, mechanical strength and mddabllity. 

The polyeteresteramide of the inventk)n consists essentially of the two components of a pdyamide digo- 

45 mer with carboxyl chain ends having a number average nDOlecular weight from 200 to 5,000 and a bisphenol 
compound containing oxyalkylene units and having a number average molecular weight from 300 to 3,000. By 
admbdng from 3 to 40 % by weight of the pdyetheresteramkJe with from 60 to 97 % by weight of a thennoplastic 
resin, an antistatic resin composition with superior antistatic property and heat resistance can be obtained. 
To improve the compatibility of the pdyetheresteramide with the thermoplastic resin, the antistatic resin 

50 composition can be admixed as a compatibilizer with a vinyl polymer having a functional group sdected from 
carboxyl, epoxy, amino, hydroxyl, pdyoxyalkylene, sulfonic and sulfonate groups, or a block pdymer conteining 
a pdyolef in block and an aromatic vinyl pdymer dock. FurthmiTK>re, a resin composition comprising at least 
97 % by weight of the pdyetheresteramide and at least 0.01 % by we^ht of a halkle of an alkdi metal or an 
alkaline earth metal can be used in the same way as the polyetheresteramkie, with an improved antistatic prop- 

55 erty of the antistatic resin composition as compared with the composition in which only the pdyetheresteramide 
is induded. 
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Detailed Description of the Invention 

First, the potyetheresteramide of the present invention is explained In detail. 

The polyetheresteramide of the present invention is characterized by comprising, and nnay consist essen- 

5 tially of, the two components of a polyamide oligomer with carboxylic chain ends having a number average 
molecular weight from 200 to 5,000 and a blsphend compound containing oxyalkylene units and having a nunrv 
ber average nfiolecular weight from 300 to 3,000. By the term "essentially" as mentioned herein it should be 
understood that although the polyetheresteramide of the present invention is practically composed of the two 
components explained above, it is allowed to add a third component to the polymer within a range not adversely 

10 affecting the object and the advantageous effect of the invention, more perticularly the heat resistance and 
the compatibility with thermoplastic resins, of the polyetheresteramide of the present invention. 

The polyetheresteramide of the present invention, unlike the polyetheresteramide disclosed in the refer- 
ences dted above which have been synthesized by using polyoxyalkylene glycol, contains no polyoxyalkylene 
glycol as constituent, thereby an improvement in the characteristics of the antistatic resins being attained. The 

15 polyetheresteramide of the present invention is superior in heat resistance to the polyetheresteramides previ- 
ously disclosed and, furthermore, exhibits a well-balanced antistatic property, heat resistance and compati- 
bility with thermoplastic resins, which are effected by the use of bisphenol compounds with nrx)lecular weights 
of a certain range, thereby effectively improving the characteristics of antistatic resin compositions. In the fol- 
lowing explanation of the invention, the term polyetheresteramide means the polyetheresteramide of the pres- 

20 ent invention, unless otherwise stated. 

Compounds used to form the polyamide oligomers mentioned above are amino cart)0xyllc adds, lactams 
and salts of diamines and dicarboxylic acids. Examples of amino carboxylic adds are o>-amino caproic acid, 
<i>>aminoenanthic acid, o>-aminocaprylic add, a>-amlnoperalgonic acid, a>-aminocapric acid, 11-aminodecanoic 
add and 12-aminodecanoic add. Examples of lactams are caprolactam, enantholactam, capryldadam arid 

25 laurolactam. Diamines as the components of the salts nnenttoned above are hexamethylene diamine, hepta- 
methylene diamine, octamethylene diamine and decamethylene diamene, and dicartx>xylic adds are adipic 
add, azelaic add, sebadc add, undecane dicarboxylic acid, dodecane dicarboxylic acid and isophthalic add. 
Preferable anwng these compounds are caprolactam, 12-aminododecanoic add and salt of adipic add and 
hexamethylene diamine. 

30 Polyamide oligomers with cartx>xylic chain ends having a number average molecular weight from 200 to 

5,000 are obtained by the ring opening pdymerization or pdycondensation of the polyamide forming compo- 
nents in the presence of a molecular weight modifier. As molecular weight nnxiifier dicarboxylic adds with from 
4 to 20 carbons are usually used, more spedf ically aliphatic dicartxixylic adds such as sucdnic add, glutaric 
add, adipic add, pimellc add, suberic add, azelaic add, sebadc add, undecane dicarboxylic add and dod&- 

as cane dicarboxyt'ic add; aromatic dicarboxylic adds such as terephthallc add, isophthalic add, phthaiic add, 
naphthalene dicarboxylic add and 3-suHbisophthaiic acid alkali metal salts; and alicydk; dicarboxylic adds 
such as 1,4-cydohexane dicartxixylic add, dicydohexyl-4,4'-dk»rtx»(ylic add. Hak>geno or sulfoxyl deriva- 
tives of these cartxixylic adds may also be used. Preferatile among these compounds are aliphatic dk:artxxxylte 
adds and aromatic decartx)xylk: adds, more preferable are adipks add, sebadc add, terephthalto add, iso- 

40 phthalk: add and 3-sutfolsophthallc ackl alkali metal salts. 

BIsphend compounds, which may provkJe another component of the pdyetheresteramhie of the inventk)n, 
are shown by the fdk>wing formula(l). 

45 HO (ZDn (Z2)in OH 



so 




wherein Z1 and Z2 are groups selected from alkyi groups with from 1 to 4 cartwns, aralkyi groups with from 
6 to 10 carbons, aryl groups and halogen atoms, and Z1 and Z2 may be the same or the different groups. 
55 Y is a covalent bond, an alkylidene group, an aryl alkylidene group, an oxygen atom, a sulfur atom, a sul- 
fonyl group, a bistrif hioromethyl methylene group or a carbonyl group, n and m being integers from 0 to 4. . 

Examples of the bisphenol compounds are dihydroxydiphenyl, C-alkyI substituted bisphend; halogenated 
bisphend; alkylene bisphends such as bisphenol F; alkylklene bisphends such as bisphend A, cydohexyli- 



3 



EP 0613 919 A1 

dene bisphenol and bistrif luoroniethyl methylene bisphenol; aryl alkylidene bisphenol; bispheno) S and hydrox- 
ybenzophenone. Preferable among these compounds are alkylidene bisphenols, bisphenol A being more pre- 
ferable. 

Oxyalkylene units which may be included in the bisphenol compounds are oxyethylene unit, oxypropyiene 
5 unit, 1- or 2-oxybutylene unit and oxytetramethylene unit Preferable among these oxyalkylene units are oxy- 
ethylene unit or the combination of oxyethylene and oxypropyiene units. 

The bisphenol compounds containing oxyalkylene units, namely oxyalkylated bisphenol compounds, which 
are used for the polyetheresteramide of the inventbn should have a number average molecular weight ranging 
from 300 to 3,000, preferably from 1 .600 to 3,000. It is partteularly preferable to use the bisphenol compounds 
10 containing from 32 to 60 oxyethylene units. Using the bisphenol compound having a number average nrralecular 
weight smaller than 300 causes an unsatisfactory antistatic property of the polyetheresteramide, while using 
the bisphenol compound having a molecular weight larger than 3,000 brings about no or little increased im- 
provement in antistatk: property, but rather a disadvantage of requiring a pndonged time of manufacturing the 
polyetheresteramide. 

15 The polyetheresteramide of the inventton may be obtained by the polycondensation of the above described 
polyamkie d^omer and bisphenol compound in the presence of a known catalyst such as antimony tnoxide, 
monobutyl tin oxkje, tetrabutyl titanate, tetrabutyl zirconate and zinc acetate according to need. It is preferable 
that the bisphenol chains with oxyalkylene units be contained in the amount of from 20 to 80 % by weight of 
the polyetheresteramide. A content of the bisphenol chains less than 20 % by weight may cause an unsatis- 

20 factory antistatic property, while a content more than 80 % by weight may cause a decrease in heat resistance. 
The relative viscosity of the polyetheresteramide is preferably in the range from 0.5 to 4.0, more preferably 
from 0.6 to 3.0. A relative viscosity smaller than 0.5 may cause a decrease in heat resistance, while a relative 
viscosity larger than 4.0 may cause an inferior moldability. For the sake of reference the relative viscosity was 
measured as a 0.5 % by weight solution of the polyetheresteramide in m-cresol at 25''C. 

25 The resin composition whk^h comprises at least 97 % by weight of the above described polyetherestera- 
mkle and at least 0.01 % by weight of an alkali metsA halide or an alkaline earth metal halkle can be used to 
blend with thennoplastic resiris in the same manner as the polyetheresteramide of the invention-Examples of 
alkali metal halkJes are lithium chloride, sodium chloride, potessium chtoride, sodium bromide and potassium 
bromide. Examples of alkaline earth metal halides are magnesium chloride, calcium chloride and magnesium 

30 bromide. Preferable among these compounds are alkali metal halkies. particularly preferable are sodium chlor- 
ide and potassium chloride. TTie amount of the alkali metal halide or alkaline earth metal halide to be used is 
usually from 0.01 to 3 % by weight of, preferably from 0.01 to 2 % by weight of, the resin composition of the 
polyetheresteramide and the halMe compounds. The amount of the halkle smaller than 0.01 % by weight may 
cause an unsatisfactory antistatic property, while the amount larger than 3 % by weight may cause an unde- 

35 sirable compatibility with the polyetheresteramide, resulting in an inferior appearance of the nmlded articles. 
As regards the process of preparing the composition comprising the poiyetheresteramkje and the halkle conn- 
pound described above, it is preferat)le to prepare the polyetheresteramide in the presence of the halkie com- 
pound, whereby the halkle compound can be easily dispersed into the poiyetheresteramkie unifonrily. 

Next the antistatic resin composition of the inventbn comprising 3 to 40 % by weight of the pdyetheres- 

40 teramide described above and 60 to 97 % by weight of thermoplastic resins will be explained. In the following 
descriptk>n of the antstette resin composition of the inventk>n and the antistatic resin composition conteining 
the oompatibilizer, the term "iKriyetheresteramkje" should be understood as including the above explained res- 
in oomposittons comprising the poiyetheresteramkie and halide compounds, unless otherwise stated. 

Examples of the thermoplastic resins to be admixed with the polyetheresteramide are vinyl resins, pdya- 

45 mkle resins, polyester resins, polyacetel resins, polycarbonate resins, and copolymer resins of at least two 
kinds of monomers selected from styrenes, (meth)acrylb esters, (meth)acrytonitrile and butediene. These res- 
ins may be used singly or by being mixed with other resins. 

Examples of the vinyl resins are (co)polymere of aliphatic hydrocarbon vinyl monomere. (co)polymere of 
aromatic hydrocarbon vinyl nx}nomers and (co)polymers of vinyl monomers conteining a functional group. 

so Examples of (co)polymers of aliphatk: hydrocarbon vinyl nx>nomers are polyethylene, polypropylene, poly- 

olefins such as copdymere of ethylene and a-olefins with from 3 to 30 carbons such as propylene, 1-butene, 
4-methyl-1-pentene, 1-pentene, 1-octene, 1-decene and 1-dodecene, and copolymers of propylene and a-ole- 
fins with from 4 to 30 cart)ons such as 1-butene, 4-methyl-1-pentene, 1-pentene, 1-octene, 1-decene and 1- 
dodecene. Preferable among these (co)polymers of aliphatic hydrocartx)n vinyl monomers are poiyolef ins, 

55 polypropylene being particularly preferable. Usually polydef ins having a melt flow rate as measured by the 
method described in JIS K6578 In the range from 0.5 to 1 50 are used, those having a melt flow rate from 1 to 
1 00 being preferable. Usually used are pdyolef ins having a degree of crystallizatton of higher than 25 %, pre- 
ferably higher than 30 %. 
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Examples of (co)polymers of aromatic hydrocartx>n vinyl monomers are (co)polymers of styrene, alkylstyr- 
enes or halogenostyrenes. Among these (co)polymers polystyrene Is preferable. 

(Co)polymers of vinyl monomers containing a functional group may be either homopolymers, random co- 
polymers, block copolymers or graft copolymers. As vinyl monomers containing a functional group in (co)poly- 
s mers of vinyl monomers containing a functional group are, for example, unsaturated cartmxylic vinyl esters 
such as vinyl acetate; acrylic esters such as ethyl acrylate; methacrylic esters such as methyl methacrylate; 
vinyl cyanides such as acrylonitrile and methacrylonitrile, and halogenovinyl monomers such as chloroprene. 
Other vinyl monomers which are co polymerized with vinyl monomers containing a functional group are styrene, 
vinyl toluene and butadiene. As (co)polymer3 of vinyl monomers containing a functional group preferable are 
to copolymers of at least two monomers selected from styrenes, acrylic esters, methacrylic esters, acrylonitrile 
and methacryfonitrile. 

Examples of (co)polymers of vinyl monomers containing a functional group are polymethyl methacrylate, 
styrene / acrylonitrile copolymers (SAN resin), acrylonitrile / butadiene / styrene copolymer (ABS resnn), me- 
thyl methacrylate / butadiene / styrene copolymer (MBS resin), styrene / methyl methacrylate / acrylonitrile 
iS copolymer, and copolymers of rubber-like polymers such as polybutadiene, polystyrenetnitadiene, polyacry- 
lonitrile-butadiene, polyisoprene, polychloroprene, ethylene-propylene-butadiene-terpolymer, polybutyl acryl- 
ate and acrylic rubber whk:h are grafted with vinyl monomers containing functional groups mentioned above. 
Usually (co)polymers of aromatic hydrocart>on vinyl monomers and (oo)polymers of vinytmonomers containing 
a functtonal group having a melt flow rate as measured by the method described in JIS K6758 in the range 
20 from 0.5 to 150 are used, those having a melt flow rate from 1 to 100 being preferable. 

As pdyamide resins Nylon 46, Nylon 6, Nylon 66, Nylon 69, Nylon 610, Nylon 612, Nylon 11 and Nylon 12 
may be used. Preferable among these are Nylon 66, Nylon 6 and Nylon 12. Usually used are polyamide resins 
having a relative viscosity ranging from 0.8 to 5, preferably from 1 to 4, as measured in a soiutton of 97 % 
sulfuric ackJ at a concentration of Ig/IOOml. Polyamide resins having a relative viscosity smaller than 0.8 ex- 
25 hibit a decrease in heat resistance, and those larger than 5 tend to cause an Inferior nrKHdability. 

Polyester resins which may be used are, for example, aromatic polyesters such as polyethylene tereph- 
thalate, polybutylene terephthalate and polycydohexanedimethytene terephthalate, and aliphatic polyesters 
such as polyethylene adipate, polybutylene adipate and poly e-caprolactone. 

Polyacetal resins which may t>e used are homopolymers of formaldehyde or trioxane, and copolymers of 
30 formaldehyde or trioxane and cyclic ethers such as ethylene oxide, propylene oxide and ethylene glycol formal. 

The polyamide resins, polyester resins and polyacetal resins usually used are those having melting points 
as measured by differential scanning calorimetry in the range from 140 to 270 preferably from 150 to 

Polycarbonate resins which may be used are any icnown polycart>onates having a bisphenol skeleton such 
35 as condensatbn products of bisphenol A with phosgene and condensatton products made by ester exchange 
reaction of t>isphenol A and carbonic add esters. 

When using thermoplastic resins, in particular crystalline polyolef in resins, a oomt>ined use of polyamides. 
pdyesters or polyacetals is preferable, because polyetheresteramkJe is poor in surface orientation. Because 
the resins mentioned above have crystallization temperatures higher than polyolef in resins, and also have high 
40 affinity for polyetheresteramkJe, the surface orientation of polyetheresteramkJe can be improved by the com- 
bined use of these resins, wheretyy desired antistatk: property being effected with a small anwunt of polye- 
theresteramkJe. 

When using as thermoplastic resins of the composltton non-crystalline copolymers of at least two kinds 
of nrK>nomers selected from styrenes, (meth)acrylic esters, (meth)acrylonrtrile and butadiene, a combined use 
45 of polycarbonate resins is preferable for the purpose of improving the compatibility with polyetheresteramlde 
and the heat resistance of the resin composition. 

Furthermore, the antistatic resin compositk>n comprising polyetheresteramlde and thermoplastic resins 
can be added with a compatibilizer, in order to obtain an improved compatibility of the resins, prevent interla- 
minar peeling of the mokJed artides obtained, and improve the mechanical strength and appearance of the 
50 mdded artides. As compatibilizers either copolymers containing at least one of functtonal groups selected 
from cartKxxyl, epoxy, amino, hydroxyl, pdyoxyalkylene, sulfonk: and sulfonate groups, or block polymers hav- 
ing a polyolef in block and an aromatic vinyl polymer block are preferable. 

The compatibilizer consisting of vinyl polymers containing a functtonal group mentk>ned above can be ob- 
tained by (co)polymerizing these vinyl monomers without functional groups mentioned above in the presence 
55 of these chain transfer agents containing functional groups above-mentk>ned, copolymerizing the vinyl nruDno- 
mers containing f unctk>nal groups with vinyl monomers without functional groups, or graft polymerizing vinyl 
monomers containing functional groups on vinyl resins such as polyolefin resins. 

Examples of vinyl monomers without functional groups are aromatic vinyl monomers such as styrene, a- 
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methytstyrene, dimethylstyrene, t-butylstyrene, vinyltoluene, acetoxystyrene, (meth)acrylic esters such as 
methyl (meth)acrylate, ethyl (meth)acry[ate, butyl (meth)acrylate, vinyl cyanides such as (nrieth)acrylonitille, 
dienes such as iMJtadiene. Isoprene and chkHoprene. and vinyl esters of unsaturated carboxylic adds such as 
vinyl acetate. 

5 Chain transfer agents containing functional groups are, for example, thiogiycerine, mercaptoethanol and 
aminoethane thiol. 

Examples of vinyl monomers containing functional groups are vinyl monomers containing a carboxyl group 
such as maieic acid(anhydride), (meth)acrylic acid, fumaric acid, itaconic acid(anhydride) and citraconic 
acid(anhydride); vinyl monomers containing an epoxy group such as glycidyl methacrylate and glycidyl etha- 

10 crylate; vinyl nranomers containing an amino group such as aminoethyl (meth)acrylate and aminomethyl 
(meth)acrytate; vinyl nxinomers containing a hydroxyl group such as 2-hydroxyethyl methacrylate and 2-hy- 
droxyethyl acrylate; vinyl monomers containing a sulfonic or sulfonate groups such as p- or o-styrene sulfonic 
acid or salts thereof, styrene disuHbnic add or salts thereof, a-methylstyrene sulfonic add or salts thereof, 
vinylphenylmethane sulfonic add or salts thereof, vinylsuHonic acid or salts thereof, (meth)allylsulfonic add 

15 or salts thereof, and, furthermore, (meth)acrylate monomers containing sulfonic or sulfonate groups as ex- 
pressed by the general formula (2). Salts of these sulfonic acids may be alkali metal, allcaline earth metal, anv 
monium and organic amine salts. 



20 
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S O3 M„ Ri 
I I 
CH-COO (AO) n CH2 -C = CH2 
I 

CH2 COOR2 



(2) 



30 wherein 

is a hydrogen atom or a methyl group 
R2 is a hydrocart)on group with from 1 to 24 carbon atoms which may contain oxyalkytene units 
A is an alkylene group with from 2 to 4 carbon atoms 

M is an alkali metal ton, alkaline earth metal ion, ammonium ion or organic ammonium km 
35. n is an integer from 0 to 50 
m is the valence of M 

In compounds expressed by the general formula (2) R2 may be an all^ group such as methyl, ethyl, octyl, 
decyl, dodecyf, tridecyl and stearyl groups, an alkenyl group such as altyl, nnethallyl and deyl groups, a cy- 
doalkyt group, an aryl .group, an aralkyi group, an alkyl mono- or pdyoxyalkylene group, a phenyl nrH>no- or 
40 polyoxyalkylene group, an alkylcabonyl nK)no-or polyoxyalkylene group, an aminoalkytene nK>no-or pdyoxalk- 
ylene group. These groups may be combined with groups such as hydroxyl, halogen atom, carboxyl, nitrile, 
amide or amino groups. Preferable among these compounds are alkyl groups with from 8 to 1 8 cart>on atoms. 

Examples of A may be ethylene, propylene and butylene groups, preferatrfe anuing these being ethylene 
group. 

45 Examples of M may be an alkali metal k)n such as sodium, potassium and lithium, an alkaline earth metal 
ton such as caldum and magnesium, ammonium, hydroxyethyl ammonium, bishydroxyethyl amnKHiium, nK)no- 
methyl ammonium and trimethyl ammonium. Among these tons sodum, potassium and ammonium tons are 
proferable. 

(Meth)acrylate nx)nomers mentioned above containing sulfonate groups may be. for example, sodium 3- 
so (meth)acryloyl oxypropane-1 -sulfonate, sodium 4-(meth)acryloyl oxybutane-1 -sulfonate, sodium 4- 
(meth)acryloyl oxybutane-2-sulfonate and sodium 3-(meth)acrytoyl oxy-2-hydroxypropane-1-suHbnate. 

(Meth)acrylamtoes containing a sulfonic or sulfonate group are, for example, 2-(meth)acrylamide-2- 
methylpropane sulfonic add or salts thereof, 2-(meth)acrytamide propane-1-sulfonic add or salts thereof, 2- 
(meth)acrylamide ethyl- 1 -sulfonic ackl or salts thereof, 3-(meth)acrylamide-2-hydroxypropane sulfonic acto or 
55 salts thereof and p-(meth)acrylamide methylbenzene sulfonic add or salts thereof. 

Among the (meth)acrylate nrK>nomers containing a sulfonic or sulfonate group preferable are the com- 
pounds expressed by the general formula (2), partteularly preferable being the compounds whtoh are ex- 
pressed by the general formula (3). 
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CH2 COOR3 



NaOa S-CH-COO (C2 H4 0)^ CH2 CH = CH2 <3) 

wherein 

10 R3 is a hydrocarbon with from 8 to 18 carbon atoms which may contain oxyalkyiene units 
k is an integer from 0 to 3 

Compounds expressed by the general formula (3) are commercially available, for example, Elemind JS-2 
(manufactured by Sanyo Chemical Co., Ltd.), wherein R 3 is dodecyl group and k is 0. 

The nwnber average molecular weights of the (co)polymer8 obtained by (co)polymerizing vinyl monmers 
IS without functional groups In the presence of chain transfer agents containing f unctinal groups or copolymers 
obtained by copolymerizing these vinyl monomers containing functional groups with vinyl nnonomers without 
functional groups, which have t>een both mentioned above, while not being particularly limited, may usually 
range from 1,000 to 80,000, preferably from 1,000 to 30,000. 

The (co)polymer5 mentioned above can be prepared usually by bulk polymerization, solutton pdymeriza- 
20 tion, suspension polymerization and enrtulsbn polymerization methods. 

Preferable among the vinyl polynners containing f unctional groups explained above which are used for conv 
patiblllzer, when polyolefin resins are used as themrioplastic resins, are 

(a) a polyolefin resin containing a carboxyl group having a number average molecular weight from 800 to 

25,000 and an acid value from 5 to 1 50, 
25 (b) a polyolefin resin containing a hydroxyl group having a number average rrK>lecular weight from 800 to 

25,000 and a hydroxyl value from 5 to 150, or 

(c) a modified polyolefin resin having a number average molecular weight from 1,000 to 28,000 which is 
obtained by esterif ying with polyoxyalkylene mono- or polyol a polyolefin resin containing a cartxxxyl group 
having a number average nrK)lecuIar weight from 800 to 25,000 and an acid value from 5 to 150. 
30 Of the three resins described above the polyolefin resin containing a cartx)xyl group (a) is obtained by re- 
acting a low-mdecular weight polyolefin having a number average molecular weight from 700 to 20,000. which 
is obtained by polymerizing propylene or ethylene or by thermal degradatton of a high-nrK>lecular weight poly- 
propylene or a hlgh-mdecular weight polyethyfene, with a, p-unsaturated carboxylic add and/or anhydride 
thereof in the presence of an organic peroxide according to need in solutk>n or in a molten state. There is pre- 
ss ferably used a low-molecular weight polyolefin obtained by thermal degradation for ease of the nruxlif icatton 
reactton. Methods of preparation of the thermally degraded low-molecular weight polyolef ins are disdosed, 
for example, in JPA 3-62804. The a, p-unsaturated carboxylic acids and/or anhydrides thereof which are used 
for the nKXIif icatton reactton may be (meth)acrylic add, maleic add(anhydride), funnaric acid, iteoonic 
add(anhydride) and cttreconic anhydride, preferable among these being maleic add(anhydride). 
40 The arrK>unt of these compounds used in the modification reaction is usually from 1 to 25 %, preferably 
from 3 to 20 %, on the weight of the thermally degraded or not degraded low-mdecular weight pdyolef in. The 
number average molecular weight of the resin (a) obtained by the method described above is usually from 800 
to 25,000, preferably from 1 .000 to 20,000. A number average mdecular weight lower than 800 causes a de- 
crease in heat resistance, while a molecular weight higher than 25,000 causes a poor compatibility and, ao- 
45 cordingly, a decrease in the mechanical properties of the mdded artide. The add value of the resin (a) is usu- 
ally from 5 to 150, preferat)ly from 10 to 100. An add value smaller than 5 brings about a poor compatibility, 
while an add value larger than 150 causes a discdoration of the resin compositton. 

Furthermore, the polydef In resin conteining a hydroxyl group (b) may be obtained by an additional reactton 
of the polydef in containing a carboxyl group (a) with compounds such as alkand amines. Examples of alkanol 
50 amines are rrK>noethanolamine, monoisopropanolamine, diethanolamine and diisopropandamine, among 
which monoethanolamine is preferable. The hydroxyl value of the resin (b) is usually from 5 to 150, preferably 
from 10 to 100. 

The modified polydef in resin (c) can be obteined by esterifying with polyoxyalkylene mono- or polyd part 
of or all the carboxylic(anhydride) units of the pdydef in resin conteining a cartxncyl group (a). The pdyoxyalk- 
55 yiene mono-or pdyols used for the esterif icatton are the compounds such as pdyoxyalkylene monods with 
one hydoxyt group on one chain end which are obteined by adding aikylene oxide to the compounds with adive 
hydrogens such as alcohds such as nnethand, ethanol, butenol, octend, lauryl alcohol and 2-ethylhexyl alco- 
hd, phends such as phend, alkyt phend, naphthd, phenylphend and t)enzylphend and compounds with hy- 
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droxyl groups on both ends such as polyethylene glycol and polypropylene glycol. Contpounds obtained by 
substituting the hydroxyl groups of the above-mentioned compounds with amino or epoxy groups may be used 
in place of the polyoxyalkylene compound. 

The number average nK)lecular weights of these polyoxyalkylene compounds are usually from 300 to 
5 5,000. Whereas no particular limttations are set for the rate of the esterif ication, preferably from 1 0 to 100 % 
of the cartx>xylic add(anhydride) units of the resin (a) should t>e esterif ied. The number average molecular 
weight of the resin (c) Is usually from 1 ,000 to 28,000, preferably from 1 ,200 to 25,000. A number average mo- 
lecular weight lower than 1,000 causes a decrease In heat resistance, while a molecular weight higher than 
28,000 brings about a poor compatibility. 
10 Another compatibilizer of the invention, block polymers having an olefin polymer btock and an aromatic 
vinyl polymer block, may be obtained by reacting an olef inic polymer-and an aromatic vinyl polymer each con- 
taining mutually reactive groups. 

Examples of pofyotefins to form the pdyolef in blocks constituting the block polymers are high-density poly- 
ethylene, mediunvdensity polyethylene, low-density polyethylene, polypropylene, polybutene. poly-4^ 
15 methylpentene-1. ethylenepropylene rubber, ethylene-propylene-butadiene copolymer rubber, copolymers of 
ethylene and a-olef ins with more than 3 carbons such as low-crystallinity ethylene-propylene copolymer, co- 
poymers of propylene and a-olef ins with more than 4 carbons such as propylene-butene copolymer, ethyle- 
nevinyi ester copolymers such as ethylene-vlnyl acetate copoymer, butyl rubber, butadiene rubber, ethylene- 
acrylic ester copolymer, and these polymers thermally degraded to have molecular weights therdof reduced, 
20 and mixtures of more than two of these polymers. 

Thermally degraded polymers are obtained by, for example, thermally degrading polydefins having nunv 
ber average molecular weights from 50,000 to 150,000 usually at a temperature from 300 to 450 ""C in an at- 
mosphere of an inert gas for from 0.5 to 10 hours. Usually the polyolef ins are thermally degraded to have nunv 
ber average molecular weights reduced to from 500 to 50,000, preferat>ly to from 1,000 to 20,000. Polyolef ins 
25 preferable for forming polyolef in blocks are propylene polymers, copolymers of propylene and a-olef ins with 
more than 4 carbons, k>w-density polyethylene, and thermally degraded products of these polymers. More pre- 
ferable among these are copolymers of propylene and a-def ins with more than 4 carbons and thermally de-' 
graded products thereof. 

As to the aromatic vinyl polymers to form aromatic vinyl polymer blocks, polymers of aromatic vinyl mono- 

30 mers or copolymers of aromatic vinyl monomers with other copolymerizable vinyl compounds are mentioned. 
Examples of aromatic vinyl compounds are styrene, a-methytstyrene, dimethylstyrene, t-butytstyrene. vinyl- 
toluene, chlorovinyltoluene, acetoxystyrene and hydroxystyrene. Other copolymerizable vinyl compounds are 
(meth)acrylic add, (meth)acrylk: esters and (meth)acrylonitrile. Preferable among these polymers are poly- 
styrene and copolymers of styrene and acrylonitrile. 

35 The number average molecular weights of the aromatic vinyl polymers used, while not t)eing particulaly 

limited, may usually range from 1,000 to 60,000, preferably from 1,000 to 20,000. 

The block polymers described above may be obtained by reacting the definic pdymers and the aromatic 
vinyl pdymers respectivdy containing mutually reactive groups. Examples of these reactive groups are car- 
boxyl, epoxy. hydroxy and amino groups. Preferable combinations of the reactive groups are carboxyl group 

40 with epoxy, hydroxy or amino groups. The content of cart>oxyl group is from 1 to 25 %. preferably from 3 to 20 
% on the weight of the olef ink: polymer or the aromatic vinyl polymer. 

As an example of the polymers containing reactive groups, an definic pdymer with carboxyl groups can 
be obtained by graft polymerizing an unsaturated cart>oxylk: add such as malete add on an defink: polymer 
in the presence of an organic peroxide, while an aromatk: vinyl pdymer with epoxy groups can be obtained by 

45 copdymerizing glyddyl methacrylate and an aromatk: vinyl monomer. Further, an anMnatic vinyl polymer with 
hydroxy groups is obtained by polymerizing an aromatk: vinyl monomer in the presence of a chain tenminater, 
for example, thk>g|ycerine or mercaptoethand. An aromatk: vinyl polymer with amino groups is obtained by 
polymertdng an aromatic vinyl n^onomer In the presence of a chain terminator, for example, aminoethane thk>l. 
In using the compatibilizer described above mors than two kinds may be used together. 

GO In the present invention the amount to be used of the thermoplastk: resins descibed above is usually from 
60 to 97 % on the weight of the pdyetheresteramkle or the resin compositton comprising the polyetherester- 
amkie and halides of alkali metals or alkaline earth metals. Furthermore, the amount to be used of the com- 
patibilizer described above is usually from 0 to 40 % on the weight of the antistatic resin compositton comprising 
the pdyetheresteramide and the thenTK>plastic resin or the antistatic resin composition comprising the resin 

55 compositk>n whk:h comprising the pdyetheresteramide and halides of alkali metals or alkaline earth metals 
and the thermoplastk: resin. Examples of preferable composittons are as follows. 
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Constituents Preferable Range More Preferable 

of Cooposition Range of 

Composition 

(% by weight)*^ {% by weight)*^ 

Preferable Composition 1 

Polyetheresteraaide-^Metal Salt 3^40 5~30 
Polyolefin Resin 55^95 60^^90 

Polyester Resin or Polyacetal 1^20 3^15 

Compatibilizer*^ 0.2^20 0.5-^10 

*1 : Per cent by weight based on the respective resin 
composistion 

*2 : Vinyl polymer with at least one functional group » 

particularly polyolefin with at least one functional 
group 

Preferable Composition 2 

Polyetheresteramide+Metal Salt 3^40 5^30 

Polyolefin Resin 55-^95 60~90 

Polyamide Resin 1^20 3-- 15 

Compatibilizer*^ 0.2^20 0.5^15 



9 



EP 0 613 919 A1 



"^3 : Vinyl polymer with at least one functional group, 

particularly polyolefin with at least one functional 
group 



Preferable Composition 3 

Polyetheresteramide+Metal Salt 3^A0 5^30 

Polymer of A*^ 50-^90 60~90 

Compatibilizer*^ 0.1-^40 1~15 



*4 : More than 2 monomers selected from styrenes, 
(meth)acrylic esters, (meth)acrylonitrile and 
butadiene 

*5 : Vinyl polymer with at least one functional group, 

particularly vinyl polymer with sulfonic groups and/or 
block polymer having at least one polyolefin block and 
aromatic vinyl polymer block 



Preferable Composition 4 

Polyetheresteramide-i-Metal Salt 3-^40 5^30 

Polycarbonate Resin 5^90 20^75 

Polymer of B*® 5-^90 20~75 

★7 

Compatibilizer 0.1~40 1^15 

*6 : More than 2 monomers selected from styrenes, 
(meth)acrylic esters, (meth)acrylonitrile and 
butadiene 

*7 : Vinyl polymer with at least one functional group, 

particularly vinyl polymer with sulfonic groups and/or 
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block polymer having at least one polyolefin block and 
aromatic vinyl polymer block 

5 

The antistatic resin composition of the present invention is obtainable by blending the pdyetheresterannide 
with themnoplastic resins or halides of alkali metals or alkaline earth metals using a known blending machine 
such as an extruder, a Brabender, a kneader and a Banbury type mixer. 

10 In the present inventton the resin compositton comprising the polyetheresteramide, halides of alkali metals 
or alkaline earth metals, and themfioplastic resins is obtainable either by blending these components at the 
same time or by admixing the blend of the polyetheresteramide and the above-mentioned metal halides with 
the thermoplastic resins. In preparing the antistatic resin compositton of the inventk)n, it Is nrK>re preferable 
that a compatibilizer is contained in the composition, in which case, oonsklering the dispersibility and the per- 

15 manently antistatic property and mechanical strength of the molded articles, it Is preferable that a blend of a 
small amount of the thermoplastrc resin, the polyetheresteramide, the metal halides and the compatibilizer is 
first prepared, that is, a mastert)atch is prepared, thereafter the rest of the thermoplastic resin being blended 
therewith. . 

The resin composltton of the im^ention can be added with other resin additives within the scope not inter- 
20 fering with the objects of the inventton. Examples of the additives used are pigments, dyes, fillers, nucleating 
agents, glass fibers, lubricants, plastidzers, nrx^ld lubricants, anttoxidants, fire retardants, UV absort>ers and 
surfactants. Preferable among surfactants are antonic surfactants, particularly alkylbenzene sulfonates, alkyi 
sulfonates and paraffin sulfonates. The amount of these sarfiactants to be used is usually from 0.01 to 5 %, 
preferably 0.05 to 3 % on the total weight of the polyetheresteramide and the metal halides nr)entk)ned above. 
25 In the following some of the examples of the inventk}n will be explained in detail by comparing with com- 
parative examples. However, it is to be understood that the invention is not limited to the speciric embodiments. 
In the explanations 'parT means part by weight and means % by weight Physical properties of the poly- 
etherBsteramkles and the resin composltkins finally obtained were measured by the fbOowing testing methods. 

30 

Temperature of Starting : Measured by T6-DTA 
Height Loss on Heating 
35 Surface Resistivity : Measured by using a megohmmeter 

(made by Advantest, Inc.) under a 
predetermined condition 

40 

I zed Impact Strength : ASTM 0256 
Tensile Strength : ASTM 0638 
^ Flexural Modulus : ASTM 0790 

Compatibility : Evaluated by bending test pieces made by 

injection molding and observing the 

50 

rupture cross-sections 



55 
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Criteria of Evaluatioa 
^ (g) : Good 

Q:A little delamination observed 
X :Niifflbers of delamination observed. 
Poor Compatibility 

Example 1 

IS Ablendof 105partS8-caprolactam, 17.1 parts adipic acid. 0.3 part Irganox 1010 (antioxidant manufactured 
by Giba-Geigy, Ltd.) and 6 parts water was contained in a 3 liter stainless steel autoclave, which was then filled 
with nitrogen repladng air followed by heating at 220''C under pressure for 4 hours while stirring to obtain 117 
parts polyamide oligomer with carboxyt chain ends having a number average molecular weight 1,000 and an 
acid value 110. The polyamide oligomer was then added with 225 parts ethylene oxide adduct of bisphend A 

20 having a number average molecular weight 2,000 and 0.5 part Zirconium acetate, and the mixture was heated 
at 245 ""C to ef fe<^ polymerization for 5 hours under reduced pressure lower than 1 mmHg to obtain a viscous 
polymer. Tbe polymer was then taken out on a belt in the form of a strand, which was then pelletized to obtain 
the polyethersstermide of the Invention. The relative viscosity of the polymer obtained was 2.15 as measured 
for a 0.5 % by weight solution In nv-cresd at 25**C. The copolymer composition of the polymer as determined 

25 by NMR analysis was as follows. 

5 -Caprolactam component : 28 . 5 % by weight 

Ethylene oxide adduct of bisphenol A component : 



67.0 « by weight 

^ Adipic acid component 4.5 % by weight 

The temperature of starting weight loss on heating of the pdyetheresteramide obtained was measured by 
TG-DTA in nitrogen. Furthermore, using test pieces respectively prepared by injection molding, Izod impact 
strehgth according to ASTM D256, tensile strength according to ASTM D638 and surface resistivity by using 

40 a megohmmeter (made by Advantest Inc.), of the polyetheresteramide was measured. The surface resistivity 
was measured by using 2 mm thick square test pieces under the conditions of (a) not water washed, wherein 
square test pieces, after being niKrided, were held in an atmosphere of 20*^0 and 65 % RH for 24 houre. and 
(b) water washed, wherein square test pieces, after being molded, were washed with an aqueous solution of 
a detergent (MamalenK)n manufactured by Lion, Inc.) followed by washing with ionexchanged water and drying 

45 to remove surface moisture, and then held in an atmosphere of 20X and 65 % RH for 24 hours. The results 
of the measurements are tabulated in Table 1. The polyetheresteramide Is hereafter named A-1 . 

Example 2 

so A blend of 105 parts e-caprolactam, 17.1 parts adipic acid, 0.3 part Irganox 1010 and 7 parts water was 
contained in a 3 liter stainless steel autoclave, which was then filled with nitrogen replacing air followed by 
heating at220''C under pressure for 4 hours while stirring to obtein 117 parts polyamide oligomer with cartmxyl 
chain ends having a number average molecular weight 1,100 and an acid value 100. The polyamide oligomer 
was then added with 225 parts ethylene oxide adductof bisphenol A having a numt>er average nrK)lecular weight 

55 2,000 and 0.5 part Zirconium acetate, and the mixture was heated at 245 ""C to effect polymerization for 5 hours 
under reduced pressure lower than 1 mmHg to obtein a viscous polymer. The polymer was then processed in 
the same manner as described in Example 1 to obtein the polyetheresteramide of the invention. Physical prop- 
erties of the polyetheresteramide were measured using the same methods as described in Example 1. The 
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results of the measurements are tabulated in Table 1. The polyetheresteramide is hereafter named A-2. 
Example 3 

5 ' A composition of a pdyetheresteramlde and potassium chloride was obtained by the same method as de- 
scnbed In Example 2 except that, when adding an ethylene oxide adduct of bisphenol A and Zirconium acetate, 
2 parts potassium chloride was added together. The copolymer composition of the polyetheresteramide ob- 
tained as determined by NMR analysis was as follows. 



10 


s-Caprolactam component: 


28.0% by weight 




Ethylene oxide adduct of bisphenol A component 


67.6% by weight 




Adipic acid component 


4.4% by weight 



The contents of the polyetheresteramide and potassium chloride as determined by X-ray fluorescence analysis 
was as follows. 

Polyetheresteramide: 99.4 % by weight 
Potassium chloride: 0.6 % by weight 

Physical properties of the polyetheresteramide obtained were measured by the same methods as descri- 
bed in Example 1. The results of the measurements are tabulated in Table 1 . The polyetheresteramide is here- 
after named A-3. 

Example 4 

A blend of 1 12 parts e-caprolactam, 1 05 parts ethylene oxide adduct of bisphenol A having a number aver- 
age mdecularweight 1,000, 15 parts adipic add, 0.3 part irganox 1010, 0.5 part Zirconium acetate and 7 parts 
water was contained In a 3 liter stainless steel autoclave, which was then filled with nirtogen replacing air fol- 
lowed by heating at 220 X under pressure for 1.5 hours while stirring to obtain a homogeneous solution. It 
was confirmed that a pdyamide oligomer having a number average molecular weight 1,250 and an add value 
90 was formed in the solution. Thereafter the solution was heated at 245 ""C to effect pdymerlzation for 3.5 
hours under reduced pressure to obtain a viscous pdymer. The pdymer was then processed in the same man- 
ner as described in Example 1 to obtain the polyetheresteramide of the invention. Physical properties of the 
polyetheresteramide were measured using the same methods as described in Example 1. The results of the 
measurements are tabulated in Table 1. The pdyetheresteramlde is hereafter named A-4. 

Examples 

A composition of a polyetheresteramide and sodium chloride was obtained by the same method as descri- 
bed In Example 4 except that, when adding an ethylene oxide adduct of bisphend A and Zirconyl acetate, 3 
parts sodium chloride was added together. The contents of the pdyetheresteramlde and sodium chloride as 
determined by X-ray fluorescence analysis was as fdlows. 



Pdyetheresteramlde: 


98.8% by weight 


Sodium chloride: 


1.2% by weight 



Physical properties of the pdyetheresteramlde were measured using the same methods as described in Ex- 
ample 1. The results of the measurements are tabulated in Table 1. The pdyetheresteramlde is hereafter 
named A-5. 

so 

Comparative Example 1 

A pdyetheresteramlde for comparing with the polyetheresteramide of the invention was obtained by the 
same method as described in Example 1 except that 175 parts pdyoxyethylene glycd having a mdecular 
55 weight 1,500 was used instead of an ethylene oxide adduct of bisphenol A. Physical properties of the pdye- 
theresteramlde obtained were measured using the same methods as described in Example 1.. The results of 
the measurements are tabulated In Table 1. The pdyetheresteramlde Is hereafter named A-6. 
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Comparative Example 2 

A polyetheresteramide for comparing with the polyetheresteramide of the invention was obtained by the 
same method as described in Example 1 except that 175 parts polyoxyethylene glycol having a molecular 
5 weight 1 ,500 was used Instead of an ehtylene oxide adduct of bisphenol Aand that polymerization was effected 
by heating for 3 hours. Physical properties of the polyetheresteramide were measured by the same methods 
as decribed in Example 1. The results of the measurements are tabulated in Table 1 . The polyether-esteramide 
is hereafter called A-7. 

10 Comparative Example 3 

A composition of a polyetheresteramide of Comparative example 1 and potassium chloride for comparing 
with the composition of the invention was obtained by the same method as described in Comparative Example 
1 except that, when adding polyoxyethylene glycol and Zirconium acetate, 5 parts potassium choloride was 
15 added together. The contents of the polyetheresteramide and potassium choloride as determined by X-ray flu- 
orescence analysis was as follows. 



Pdyetheresteramide: 


98^% by weight 


Potassium Chloride: 


1.8% by weight 



Phys'rcal properties of the polyetheresteramide obtained were measured by using the same methods as de- 
scribed in Example 1. Tlie results of the measurements are tabulated in Table 1. The polyetheresteramide is 
hereafter named ArS. 

In the following explanation the polymers A-1 A-8 will be called (A). 
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Table 1 



Relative Tempera- Izod Tensile 
Viscosity ture of Impact Strength 



Surface 
Resistivity 







Starting 


Strength 




Not 


Water 






Weight 






Water 


Washed 






Loss* 






Washed 






Examples 




m 


2 

(Kg • cm/cm) (Kg/cm 


) (Q) 


(Q) 


1 


2.15 


360 


Not Broken 


420 


»9 

ixio** 


1 


xio^ 


2 


2.10 


350 


Not Broken 


400 


2X10^ 


3 


xio® 


3 


2.10 


360 


Not Broken 


420 


1X10^ 


1 


xio^ 


4 


1.80 


340 


Not Broken 


390 


4x10^ 


6 


xio^ 


5 


1.80 


340 


Not Broken 


390 


8x10^ 


8 


xio^ 


Comparative Examples 












1 


2.20 


290 


Not Broken 


400 


5x10^ 


5 


xio® 


2 


1.10 


260 


Not Broken 


300 


7X10® 


8 


xio® 


3 


2.10 


280 


Not Broken 


370 


g 

ixio'' 


1 


xio^ 



"""r Measured under nitrogen stream 

Examples 6 to 9 and Comparative Examples 4 to 6 

Each potyetheresteramide (A) obtained In the Examples and Comparative Examples described above was 
blended with each of the followfng resins B-1 to B-4for 3 minutes using a Henschel mixer in a proportion shown 
In Table 2 for each Examples. The blends obtained were melt kneaded using a vented double-screw extruder 
under a condition of 240 ""C, 30 rpm and a residence time of 5 minutes to obtain the antistatic resin compositions 
of the invention and resin compositions for comparison. 

B-1 : ABS resin (JSR-ABS1 0 manufactured by Japan Synthetic libber, Inc.) 

B-2: Nylon 6 resin (UBE Nylon 1013B manufactured by UBE Industries, Ina) 

B-3: Polybutylene terephthalate resin (Duranex 2000 manufactured by Polyplastics, Inc.) 

B-4: Polypropylene resin (UBE Pdypro J609 manufactured by UBE Industries, Inc.) 

In the following explanations the above B-1 to B-4 are called (B) unless otherwise stated. 

Examples 10,11 and Comparative Example 7 

The antistatic resin compositions of the invention and a comparative resin composition were obtained by 
the same process as described in Example 6 except that the melt kneading of (A) and (B) in the proportbns 
shown in Table 2 was carried out at 250*'C. 
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Examples 12 to 15 and Comparative Example 8 

The antistatic resin compositions of the invention and a comparative resin composition were obtained by 
the same process as described in Example 6 by melt kneading (A) and (B) in the proportions shown in Table 
2. 
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Table 2 

Contents of 













Lie uax 




Rirmnnl pq 














r O 


A X 


KXO) 


O X 








7 
1 


A— ^ 


(13) 


O X 




U X ^ 




D 

o 


A—l 
A X 












9 


A-3 


(12) 


B-2 


(88) 


D-1* 


(0.07) 






(15) 




(85) 






11 


A-3 






(88) 


u-x* 


(0 . 07) 


12 


A- 2 


( 3) 


B-4 


(97) 






13 


A-4 


( 3) 


B-4 


(97) 






14 


A-2 




0-4 


(80) 






15 


A-2 




B-4 


(10) 
(70) 






Comparative Examples 












4 






B-1 


(100) 






5 


A-6 


(15) 


B-1 


(85) 






6 


A-6 


(15) 


B-2 


(85) 






7 


A-6 


(15) 


B-3 


(85) 






8 






B-4 


(100) 







Numbers in Parentheses Denote 
Proportions of Respective 
Components in Composition (%) 



D-1*: Potassium chloride (added when preparing 
polyetheresteramide) 
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Performance Tests 

Test pieces were prepared from the lesin compositions of Examples 6 to 15 and Comparative Examples 
4 to 8 using an injection molding machine under a condition shown in Table 3, which were tested for mechanical 
5 properties and antistatic property. TTie results of the measurements are takxjiated in Tables 4 to 6. Tests for 
antistatic property were carried out by measureing the surface resistivity of the test pieces after having been 
treated and conditioned as described in Table 3. 

Table 3 

Injection Mold Condition of 

Examples Temperature Temperature Surface Resistivity 

m CV) Measurement* 





6 


220 


60 


(I) 


20 


7 


220 


60 


(I) 




8 


240 


60 


(I) 




9 


240 


60 


(I) 


2S 


10 


250 


60 


(I) 




11 


250 


60 


(I) 


30 


12 


240 


50 


(n) 




13 


240 


60 


(n) 




14 


240 


50 


(n) 


35 


15 


240 


50 


(n) 




Comparative Exampl 


es 






40 


4 


220 


60 


(I) 




5 


220 


60 


(I) 
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6 240 60 ( I ) 

7 250 60 ( I ) 

8 240 60 (n) 



10 



15 



20 



)Not water washed, wherein the test pieces » after 
being molded, were held in an atmosphere of ZOX^ 
65 % W for 24 hours. 

Water washed, wherein the test pieces, after being 
moleded, were washed with an aqueous solution of a 
detergent (Mamalemon manufactured by Lion, Ltd.) 
followed by washing with ion-exchanged water and 
drying to remove surface moisture, and then held in 
2S an atmosphere of 20 °C 65 % RH for 24 hours. 

(Q) Not water washed, wherein the test pieces, after 
being molded, were held in an atmosphere of ZO'X^ and 

30 

50 % m for 24 hours. 

Water washed, wherein the test pieces, after being 
35 molded, were washed with an aqueous solution of a 

detergent (Mamalemon manufactured by Lion, Ltd.) 

followed by washing with ion-exchanged water and 

40 . ^ 

drying to remove surface moisture, and then held in an 

atmosphere of 20*^3 and 50 % RH for 24 hours. 

45 



Table 4 

Tempera- Izod Tensile Surface 

ture of Impact Strength Resistivity Compati- 

Starting Strength Not bility 

Weight Water Water 



so 



55 
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Loss* 




Hashed 


Washed 






CC) <Kg • cm/cm) (Kg/om^ 


) (Q) 


(Q) 




Examples 












6 


350 28 


430 


2x 10^^ 


2x10^^ 


o 


7 


350 32 


440 


8X10^° 


9X10" 


o 


tomparative Examples 










4 


350 40 


520 




ioi«< 




5 


290 14 


320 


5x10^^ 


5x10^^ 


x 


*: Measured under nitrogen stream 






Table 5 














Temperature 


Surface Resistivity 








of Starting 


Not Water 


Hater 


Compatibility 




Weight Loss* 


Washed 


Washed 






iV) 


(£2) 


(Q) 






Examples 












8 


350 


2x10^^ 


2x10 


@ 




9 


350 


3xl0" 


3x10 






10 


350 


2x10^^ 


2x10 


12 ^ 




11 


350 


5x10^^ 


5x10 






Comparative Examples 










6 


290 


12 

6x10^"^ 


6x10 


o 




7 


290 


8x10^^ 


8x10 


" o 





Measured under nitrogen stream 
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Table 6 

Tempera- Izod Flexural Surface Resistivity 

ture of Impact Modulus Mot Water Compati- 

S tar ting Strength Water Washed bility 

Weight Washed 
Loss* 

iV) (Kg . cm/cm) (Kg/cm^ ) (Q) (Q) 



Examples 



12 


270 


10 


11.500 


IX 10^^ 


IX 10^^ 


X 


13 


265 - 


10 


11.500 


ixio" 


IX 10^5 


X 


14 


280 


8 


9.000 


2x10^^ 


ixio" 


X 


15 


280 


10 


10.000 


IX 10^^ 


2x10^^ 


X 



Comparative Examples 

8 280 10 12,000 10^^< 10^®< 



*: Measured under air stream 

Preparatin of Compatibilizer 
Preparation Example 1 

A vinyl polymer containing sulfonic groups was otitained by the suspension polymerization of 68 parts me- 
thyl methacryfate, 23 parts styrene. 4 parts acrylonitrile and 5 parts of a compound containing sulfonic groups 
which is expressed by the following formula. The vinyl polymer containing sulfonic groups thus obtained is here- 
after named C-1. 

Structural Formula 

CHg -COO-CH2 -CH=CH2 
I 

NaSOg -CH-COOC12H25 

Preparation Example 2 

(1) A blend of 95 parts tow-nrK>lecular weight polypropylene having a number average molecular weight 
5,000 and a density 0.92 which was obtained by the therrnal degradation of polypropylene and 5 parts 
maleic anhydride was melted at ISO't) under nitrogen stream, followed by adding a 50 % xylene solution 
in which 1.5 parts dicumyl peroxide are dissolved while dropping over 15 minutes. After the mixture was 
reacted for 1 hour, an acid nKxlif led low-molecular weight polypropylene was obtained by removing the 

21 
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solvent by distillation. The polymer obtained had an acid value of 25.4 and a molecular we^ht of 7,000. 

(2) A styrene polymer containing hydroxy! groups was obtained by dissolving 95 parts styrene mononfter 
in 100 parts xylene at 120 ''C under nitrogen, followed by adding 5 parts thioglycerine while dropping over 
15 minutes, reacting for 1 hour and then removing the soh^ent and unreacted monomer by distillation. The 

5 polymer obtained had an hydroxyl value of 25.2 and a number average molecular weight of 8,000. 

(3) A polypropylene-block-polystyrene needed was obtained by melt kneading 50 parts acid nxxJified low- 
molecular weight polypropylene (1) and 50 parts styrene polymer containing hydroxyl groups (2) above- 
mentioned, by using a vented double-screw extruder under a condition of 200 ^C, 30 rpm and a residence 
time of 5 minutes. The block polymer thus obtained is thereafter named C-2. 

10 

Preparatton Example 3 

A graft copolymer latex was obtained by the emulsion polymerization of 60 parts nK)nomer mbcture con- 
sisting of 4 % by weight acrylk: acid, 72 % by weight styrene and 24 % by weight acrylonitrile in the presence 
IS of 40 parts polybutadiene latex. Ttie graft copolymer latex obtained was coagulated by sulfuric acki, neutralized 
by caustic soda, followed by washing, filtrating and drying to obtain a powdery reactton product of tte graft 
copolymer (C-3). 

Preparatton Example 4 

20 

A mixture was obtained by melting a blend of 95 parts low-molecular weight polypropylene having a numt>er 
average molecular weight 12,000 and a density 0.89 which was obtained by thenmally degrading polypropylene 
and 5 parts maleic anhydride at 180^ under nitrogen streann, folk>wad by adding a 50 % xylene solutton in 
which 1 .5 parts dteumyi peroxide are dissolved while dropping over 15 minutes. After the obtanied mbcture was 
25 reacted for 1 hour, an add-modif led low-nnolecular weight polypropylene was obtained by removing the solvent 
by distillation. The polymer obtained had an acid value of 25.7 and a number average molecular weight of 
15,000. The modified polymer thus obtained is hereafter named C-4. 

Preparatkm Example 5 

30 

AnrK)dified low-molecular weight polypropylene containing hydroxyl groups was obtained by dissolving 95 
parts acid-nxxJif led low-molecular weight polypropylene obtained in Preparation Example 4 (C-4) in 1 00 parts 
xylene at 120**C under nitrogen stream, followed by adding 5 parts monoethandamine while dropping over 
15 minutes, reacting for 1 hour and then removing the solvent and unreacted monoethanolamine by distillatkin. 
35 The polymer obtained had an hydroxyl value 25.2 and a molecular weight 16.000. The modified product thus 
obtained is hereafter named C-5. 

Preparatfon Example 6 

40 A pdyoxyalkylene-modif ied low-nrK)lecular weight polypropylene was obtained by melting a blend of 95 
parts add-nfKKJif led low-nK>lecular weight polypropylene obtained in Preparation Exampel 4 (04) and 50 parts 
adduct of 24 mole ethylene oxkJe to lauryl alcohol at 1 80 ""C under nitrogen stream, folfowed by an esterif ication 
reactton for 5 hours under reduced pressure of 1 0 mmHg. The polymer obtained had an hydroxyl value of 0.5 
and number average molecular weight of 18,000. By a NMR analysis, it was confirmed that the esterif icatfon 

45 reaction proceeded stoichion>etrically. The modified product thus obtained is hereafter named C-6. 

Preparatton Example 7 

An acid-modified low-molecular weight polyethylene was obtained by dissolving a mixture of 38 parts low- 
so molecular weight polyethylene having a number average molecular weight 3,000 and a density 0.93 whbh was 
obtained by thermally degrading polyethylene and 2 parts maleic anhydride In 60 parts xylene at 140 **C under 
nitrogen stream, followed by adding a 50% xylene solution in which 0.3 part di-t-butyl peroxide was dissolved 
while dropping over 15 minutes, reacting for 2 houra and removing the solvent by distillation. The polymer ob- 
tained had an acid value of 28.0 and a number average molecular weight of 3,800. The nrKxiif led product thus 
55 obtained is hereafter named 07. 

in the following explanatfons the above compounds C-1 to C-7 will be called (C) unless otherwise stated. 
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Preparation of Master Batches 1 

Examples 16 to 19 and Comparative Examples 9 to 12 

5 Polyetheresteramides (A), thermoplastic resins (B) and compatibiiizers (C) were blended for 3 minutes in 

proportions shown in Table 7 for respective examples using a Henschel mixer The blends obtained were melt 
kneaded using a vented double-screw extruder under a condition of 240^C, 30 rpm and a residence time of 5 
minutes to obtain respective master batches of Examples 16 to 19 and Comparative Examples 9 to 12, vfhich 
will be called respectively M-1 to M-8 In the following according as they are described in Table 7. 

f 0 

Table 7 

Master 



15 




Batch 




(A) 


(B) 




(C) 


20 






A-6 


A-2 


B-1 


C-1 


C-2 




' Com. Ex. 9* 


M-1 


30 


0 


60 


5 


5 




Ex.16** 


M-2 


0 


30 


60 


5 


5 


25 


Com. Ex. 10 


M-3 


45 


0 


40 


7.5 


7.5 




Ex.17 


M-4 


0 


45 


40 


7.5 


7.5 


30 


Com. Ex. 11 


M-5 


60 


0 


20 


10 


10 




Ex.18 


M-6 


0 


60 


20 


10 


10 




Com. Ex. 12 


M-7 


75 


0 


0 


12.5 


12.5 


35 


Ex. 19 


M-8 


0 


75 


0 


12.5 


12.5 



Klunbers Denote Proportions of Respective 
Components in Composition (%) 



* Com. Ex. : Comparative Example 
^ **Ex. : Example 

Examples 20 to 23 and Comparative Examples 13 to 16 

so The resin compositions of the invention and the compositions for comparison were obtained by blending 
and kneading masterbatches M-1 to M-8 and B-1 in the same noanner as described In Example 16. The con- 
stitutions and the proportions of the resin compositions and the compositions for comparison prepared by way 
of the master batches are tabulated in Table 8. 
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Table 8 



Master Batch Proportions of Contents of 

Components Used Respective Components Metal Salts in 



Numbers in 
Parentheses 



in Compositions 
by Way of Master 



Composition 





Denote Parts 




Batcn 












By Weight 












(%) 


Examples 




(A) 


(B) 




(C) 








A-6 


A-3 


B-1 


C-1 


C-2 


D-1* 


20 


M-2(50)- 




15 


80 


2.5 


2.5 


0.09 


21 


M-4(33.3) 




15 


80 


2.5 


2.5 


0.09 


22 


M-6(25) 




15 


80 


2.5 


2.5 


0.09 


23 


M-8(20) 




15 


80 


2.5 


2.5 


0.09 


Comparative Examples 














13 


M-l(50) 


15 




80 


2.5 


2.5 




14 


M-3(33.3) 


15 




80 


2.5 


2.5 




15 


M-5(25) 


15 




80 


2.5 


2.5 




16 


M-7(20) 


15 




80 


2.5 


2.5 





* D-1: Potassium chloride (added while preparting the 
polyetheresteramide) 



Comparative Examples 17 to 22 

Polymers (A), (B) and (C) which are shown in Table 9 were blended and kneaded under the same condition 
as described in Example 16 to obtain respective resin compositions of the Comparative Examples. 
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Table 9 





Compatative Examples 


Proportions of Respective Components In Compositions (%) 


5 




(A) 


(B) 


(C) 






Ar6 


B-1 


C-1 


C-2 




17 


15 


80 


5 


0 


10 


18 


15 


80 


0 


5 




19 


15 


80 


2.5 


2.5 




20 


10 


85 


2.5 


2.5 


15 


21 


20 


75 


2.5 


2.5 




22 


30 


65 


2.5 


2.5 



20 Performance Tests 

Test pieces were prepared by injection-molding the resin compositions of Examples 20 to 23 and Com- 
parative Examples 13 to 21 and compositions for comparison at a cylinder temperature of 220''C and a mold 
temperature of 60 ^'C, which were tested for mechanteal properties and antistatic property. The results of the 
25 measurements are tabulated in Table 10. The tests for antistatic property were carried out by measuring the 
surface resistivity of the test pieces after having been treated and conditioned as described below. 

Not water washed, wherein the test pieces, after having been molded, were held in an atmosphere of 20**C 
and 65 % RH for 24 hours. 

Water washed, wherein the test pieces, after having been molded, were washed with an aqueous solution 
30 of a detergent (Mantalemon manufectured by Lion, Inc.) followed by washing with ion-excahanged water and 
drying to remove surface moisture, and then held in an atmosphere of 20^C and 65 % RH for 24 hours. 



35 



40 



45 



so 



55 
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Table 10 



Tempera- Izod 
ture of Impact 



Tensile 
Strength 



Surface 
Resistivity 



Compati- 
bility 





Starting 


Strength 




Not 


Hater 






Weight 






Water 


Hashed 






Loss* 






Washed 








CV) 


2 

(Kg . cm/ cm) (Kg/cm 


) (Q) 


(Q) 




Examples 












20 


350 


41 


500 


8X10^° 


ixio" 


@ 


21 


350 


43 


510 


6x10^° 


8X10^° 


@ 


22 


350 


42 


510 


8X101° 


8X10^° 


@ 


23 


350 


43 


510 


7X10^° 


7X10^° 


@ 


Comparative Examples 










13 


280 


39 


490 


9X10^° 


ixio" 


O 


14 


280 


40 


490 


8X10^° 


9X10^° 


o 


15 


280 


39 


490 


7X10^° 


7xl0^° 


o 


16 


280 


41 


500 


7xl0l0 


7X10^° 


o 


17 


300 


38 


500 


IX 10^^ 


2x10^^ 


o 


18 


260 


35 


510 


5x10^^ 


5xl0" 


o 


19 


280 


38 


490 


IX 10^^ 


3xl0" 


o 


20 


280 


38 


500 


5x10^^ 


6x10^^ 


o 


21 


280 


35 


480 


7X10^° 


8x10^° 


o 


22 


280 


34 


480 


sxio^o 


3X10^° 


o 



Measured under nitrogen stream 



Preparation of Master Batches 2 
Examples 24 and 25 

Polymers (A). (B) and (C) were blended in proportions shown in Table 11 for 3 minutes by using a Henschel 
mixer, followed by being melt kneaded by using a vented double-screw extuder under a conditin of 280 
100 rpm and a residence time of 5 minutes to obtain master batches M-9 and M-10 of Examples 24 and 25, 
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respectively. 
Table 11 

Examples Master Proportions of Respective 

Batch Components in Composition (%) 



(A) (B) (C) 

A-5 B-5* C-3 

24 M- 9 45 40 15 

25 M-10 60 20 20 



*B-5: PC/ABS (Polycarbonate resin/ABS resin alloy) 

(Multilon T-300 manufactured by Teijin Chemicals. Inc.) 

Examples 26 and 27 

The master batches M-9 and M-10 were respectively blended with B-5 under the same condition as de- 
scribed in Example 24 followed by kneading to obtain the resin compositions of the invention. The constitutions 
and proportions of the resin compositions of the invention by way of the master batches are tabulated in Table 
1Z 

Table 12 

Master Batch Proportions of 

Components Used Respective Components Contents of 
Numbers in in Compositions Metal Salts in 

Parentheses By Nay of Master Composition 



Denote Parts 


Batch 








By Weight 




(*) 




(%) 




(A) 


(B) 


(C) 




Exaaples 


A-5 


B-5 


C-3 


D-2* 


26 M- 9(33.3) 


15 


80 


5 


0.18 


27 M-10 (25) 


15 


80 


5 


0.18 



*D-2: Sodium Chloride 

(added while preparing the polyetheresteramide) 
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Examples 28 and 29 and Comparative Examples 23 and 24 

The polymers (A), (B) and (C) or (A), (B), (C) and (E) shown in Table 13 were blended respectively under 
the same condition as described in Example 24 followed by kneading to obtain the resin compositions of the 
invention and the resin oompositions for comparison. 



Table 13 



10 



15 



20 



Proportions of 
Respective Components 
in Compositions 



Contents of 
Metal Salts in 



30 













Coiiposition(%) 




(A) 




(B) 


(C) 


(E) 


Examples 


A-3 


A-8 


B-5 


C-1 


E-1* D-1 


28 


15 


0 


80 


5 


0.09 


29 


10 


0 


85 


4 


1 0.06 


Compatative Exanples 










23 


0 


0 


100 


0 




24 


0 


15 


80 


5 


0.27 



35 



*E-1: Anionic surfactant (Chemistat 3033 manufactured by 
Sanyo Chemical Industrie* Inc.) 



Performance Tests 

Test pieces were prepared by injection-molding the resin compositions of examples 26 to 29, Comparative 
Examples 23 and 24 and the resin compositions for comparison at a cylinder temperature of 270^0 and a mold 
temperature of 70 ""C, which were then tested for mechanical properties and antistatic property. The results 
of the measurements are tabulated in Table 14. The tests for antistatic property were carried out by measuring 
the surface resistivity of the test pieces after having been treated and conditioned as described below. 

Not water washed, wherein the test pieces, after having been molded, were held in an atmosphere of 20''C 
and 65 % RH for 24 hours. 

Water washed, wherein the test pieces, after having been molded, were washed with an aqueous solution 
of a detergent (MamalenrKin manufactured by Lion, ln&) followed by washing with ibn-excahanged water and 
drying to rennove surface moisture, and then held In an atnrKtsphere of 20®C and 65 % RH for 24 hours. 



so 



55 
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Table 14 



Tempera- Izod 
ture of Impact 



Tensile 
Strength 



Surface 
Resistivity 



Compati- 
bility 



Starting 


Strength 




Hot 


Hater 




Weight 






Hater 


Hashed 




Loss* 






Washed 






CC) 


2 

(Kg • cm/cm) (Kg/cm 


) (Q) 


(Q) 




Examples 












26 330 


67 


580 


1X10^^ 


2x10^^ 


@ 


27 330 


68 


580 


2x10^^ 


2X10^^ 


@ 


28 330 


66 


570 


5X10^^ 


7x10^^ 


@ 


29 320 


65 


570 


7X10^° 


9xl0^° 


@ 


Conparative Examples 










23 350 


70 


600 


ioi6< 






24 280 


65 


560 


6x10^^ 


7x10^^ 


O 



*: Measured under air stream 
Preparation of Master Batches 3 

Examples 30 to 34 and Comparative Exampels 25 and 26 

The polymers (A), (B) and (C) were blended In proportions shown in Table 15 for 3 minutes by using a Hen- 
schel mixer, followed by being melt kneaded using a vented double-screw extruder under a condition of 240''C, 
30 rpm and a residence time of 5 minutes to obtain master batches M-11 to M-17 of Examples 30 to 34 and 
Comparative Examples 25 and 26, respectively. 
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Table 15 





Examples 


Master Batch 


(A) 


(B) 


(C) 


5 


30 


M-11 


A-5(54) 


B-2(18) 


B-4(10) 


C-5(18) 




31 


M-12 


A-3(54) 


B-2(18) 


8-4(10) 


C-6(18) 




32 


M-13 


A-4(40) 


B-2(40) 




C-4(20) 


10 


33 


M-14 


A-4(54) 


B-2(18) 


B-4(10) 


C-5(18) 




34 


M-15 


A-2(20) 


B-2(20) 


B-4(50) 


C-6(10) 




Comnparatfve Examples 












15 


25 


M-16 


A-8(20) 


B-2(20) 


B-4(50) 


C-4(10) 




26 


M-17 


A-8(40) 


B-2(40) 




C-5(20) 



Numbers Denote Proportions of Respective Components in Composition (%) 

20 

Examples 35 to 39 and Comparative Examples 27 and 28 



The master batches M-11 to M-1 7 were respectiveiy blended with B-2 and B-4, C-4 to C-8 and nnetal salts 
described in Table 16 followed by kneading under the same condition as described in Example 30 to obtain 
25 the resin compositions of the invention. The constitutions and proportions of the resin compositions of the in- 
vention by way of master batches are tabulated in Table 16. 
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Table 16 

Master Batch Proportions of 

Components Used Respective Components Contents of 
Numbers in in Compositions Metal Salts in 

Parentheses by Way of Master Composition 

Denote Parts Batch 

By Weight («) (*) 

Examples (A) (B) (C) 

35 M-ll(27.7) A-5(15) B-2(5) C-5(5) 0-2(0.18) 

B-4(75) 

36 M-12(27.7) A-3{15) B-2(5) C-6(5) D-l(0.09) 

B-4(75) 

37 M-13(25) A-4(10) B-2(10) C-4(5) 

B-4(75) 

38 M-14(27-7) A-4(15) B-2(5) C-5(5) D-3*(0.05) 

B-4(75) 

39 M-15(50) A-2{10) B-2(10) C-6(5) 

B-4(75) 

Comparative Example : 

27 M-16(50) A-8(10) B"2(10) C-4(5) D-l(0.18) 

B-4(75) 

28 M-17(25) A-a(lO) B-2(10) C-5(5) D-l(0.18) 

B-4(75) 



* D-3: Potassium chloride (added in kneading by using a 
double-screw extruder) 



Examples 40 to 45 and Comparative Examples 29 to 35 

The polymers (A) to (C) desGrit>ed in Tat>le 17, or (A) to (C) and metal salts descrit)ed in Tat>le 17 were 
blended and kneaded under the same condition as in Example 30 to obtain the resin compositions of the in- 
vention and the resin compoistions for comparison. 
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Table 17 
Examples 



40. 



41 



42 



43 



44 



45 



Respective Components and 
Proportions in Compositions 

(S5) 

(A) (B) (C) 

A-5(15) B-2(5) C-5(5) 

B-4{75) 
A-3(2d) B-2(5) 

8-4(70) 
A-4(20) 8-2(10) 

8-4(65) 

A-4(15) B-2(5) 0-4(5) 
B-4(75) 

A-4(15) 8-2(5) C-5(5) 
8-4(75) 

A-2(15) 8-2(10) 0-6(5) 



Contents of 
Metal Salts in 
CoBposition 
(%) 

D-2(0.18) 



0-6(5) 0-1(0.12) 



0-4(5) D-4***(0.05) 



D-3**(0.05) 



8-4(70) 
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Comparative Examples 

29 A-8(10) B-2(10) C-4(5) D-l(0.18) 

B-4(75) 

30 A-8(10) B-2(10) C-5(5) D-l(0.18) 

3-4(75) 

31 A-6{10) B-2(10) C-4(5) D-4{0.15) 

B-4(75) 

32 A-6(10) B-2(10) C-5(5) D-3(0.10) 

B-4(75) 

33 A-6(15) B-2(5) C-5(5) D-3(0.10) 

B-6*(75) 

34 A-6(20) B-2(5) C-6(5) 0-4(0.20) 

B-4(70) 

35 A-6(10) B-2(10) C-4(5) 

B-4(75) 

*B-6: Polypropylene resin (UBE Polypro J385 manufactured by 
UBE Industries. Inc.) 
**D-3: Sodium chloride (added while kneading by using a 
double-axis extruder) 
***D-4: Potassium chloride (added while kneading by using a 
double-axis extruder) 

Performance Tests 

Test pieces were prepared by injection-molding the resin oompositions of Examples 35 to 45, Comparative 
Examples 27 to 35 and the resin compositions for comparison at a cylinder temperature of 240''C and a mold 
temperature of 60 ""C, which were then tested for mechanical properties and antistatic property. The results 
of the measurements are tabulated in Table 1 8. The tests for antistatic property were carried out by measuring 
the surface resistivity of the test pieces after having been treated and conditioned as described below. 

Not water washed, wherein the test pieces, after having been molded, were held in an atnK)sphere of 20'*C 
and 50 % RH for 24 hours. 

Water washed, wherein the test pieces, after having been molded, were washed with an aqueous solution 
of a detergent (Mamalemon manufoctured by Lion, Inc.) followed by washing with lon-excahanged water and 
drying to remove surfoce moisture, and then held in an atnK>sphere of 20**C and 50 % RH for 24 hours. 
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Table 18 







Izod 


Flexural 


Surface 


Compati- 




ture of 


Impact 


Modulus 


Resistivity bility 




o Larxing 


Strength 




Not 


Water 






Heignt 






Water 


Hashed 






Loss* 






Washed 






Examples 




(Kg . cm/cm) (Kg/ cm ) 








35 


280 


14 


13.500 


3X10^° 


4X10" 




36 


280 


15 


13.500 


3x10^° 


3X10" 


© 


37 


275 


14 


13.000 


3x10^^ 


3x10^^ 


@ 


38 


270 


14 


13.500 


3X10^° 


4X10^° 




39 


280 


14 


13.500 


2x10^^ 


2x10^^ 


© 


40 


275 


14 


13.000 


9x10^^ 


1X10^2 
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41 


280 


15 


12.000 


3X10^° 


4X10^° 


@ 


42 


270 


16 


13,000 


3x10^^ 


3x10^^ 


@ 


43 


280 


13 


12.000 


2x10^^ 


2x10^^ 


@ 


44 


270 


13 


13,000 


7X10^° 


6X10^° 


© 


45 


280 


17 


13.500 


IX 10^' 


ixio^^ 


@ 


smparative Examples 












27 


255 


14 


13.000 


4xl0" 


5xl0" 


O 


28 


255 


12 


13.000 


IX 10^^ 


IX 10^^ 


o 


29 


260 


14 


13.000 


6x10^^ 


6x10^^ 


o 


30 


250 


13 


13.000 


3x10^^ 


3x10^-^ 


o 


31 


255 


12 


12.000 


8x10^^ 


Oxio-"-^ 


o 


32 


255 


12 


12.500 


5X10^^ 


5x10^^ 


o 


33 


260 


5 


11.000 


2x10^^ 


3x10^^ 


o 


34 


250 


12 


12.000 


2xl0^° 


2X10^« 


o 


35 


250 


13 


13.500 


IX 10^^ 


IX 10^^ 


o 



Measured under air stream 

Preparation of Master Batches 4 

Examples 46 and 47 and Comparative Exmnple 36 

The polymers (A) to (C) were t>lended In proportions shown in Table 19 for 3 minutes by using a Henschel 
mbcer, folbwed by being melt kneaded using a vented double-screw extruder under a condition of 240 X. 100 
rpm and a residence time of 5 minutes to obtain master batches M-18 to M-20 of Examples 46 and 47 and 
Comparative Examples 36, respectively. 
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Table 19 

Master 
Batch 

Examples (A) (B) (C) 

46 M-18 A-2(50) B-3(25) B-4(20) C-4(5) 

47 M-19 A-2(62.5) B-3(31.25) - C-5(6.25) 
Com. Ex. 36 M-20 A-6(50) B-3(25) B-7*(20) C-7(20) 

Numbers Denote Proportions of Respective 
Components in Composition {%) 

*B-7: Polyethylene resin (Staflene E 750(C) manufactured by 
Nippon Petroleum Chemicals, Inc.) 

Examples 48 fo 50 and Comparative Example 37 

The master batches M-18 to M-20 were respectivefy blended with B-3, B-4 or B-7 shown in Table 19 fol- 
lowed by kneading under the same condition as described in Example 46 to obtain the resin compositions of 
the invention. The constitutions and proportions of the resin compositions of the invention by way of master 
batches are tabulated in Table 20. 

Table 20 

Master Batch Proportions of Respective Components 
Numbers in Compositions by Way of 

in Parentheses Master Batch 
Denote Parts 

By Weight (») 
Bxaniples (A) (B) - (C) 



48 


M- 


•18(20) 


A-2(10) 


B- 


■3(5) 


B-4 (84) 


C-4(l) 


49 


M- 


•18(40) 


A-2(20) 


B- 


-3(10) 


3-4(68) 


C-4(2) 


50 


M- 


■19(16) 


A-2(10) 


B- 


-3(5) 


8-4(84) 


C-5(l) 


Com. Ex. 37 


M- 


■20(40) 


A-6(20) 


B- 


-3(10) 


B-7(68) 


C-7(2) 
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Examples 51tD 54 and Comparative Example 38 

The polymers (A), (B) and (C) were blended in proportions shown in Table 21 followed by kneading under 
the same condition as described in Example 46 to obtain the resin compositions of the invention and the resin 
5 compositions for comparison. 



Table 21 



Examples 


(A) 


(B) 




(C) 


51 


A-2(10) 


B-3(5) 


B-4(84) 


C-4(l) 


52 


A-2(20) 


B-3(10) 


B-4(68) 


C-4(2) 


53 


A-2(10) 


B-3(5) 


B-4(84) 


C-6(l) 


54 


A-2{28) 


B-7(60) 


B-8*(10) 


C-7(2) 


Com. Ex. 38 


A-6(20) 


8-3(10) 


8-7(68) 


C-7(2) 



Numbers in Parentheses Denote Proportions of 
Respective Components in Composition (%) 

25 



*B-8: Polyacetal resin (Duracon M 90 memufactured by 
30 Polyplastics, Inc.) 

Perfomiance Teists 

35 Test pieces were prepared by injectiorhnmid ing the resin compositions of Examples 48 to 54, Comparative 

Examples 37 and 38 and the compositions for comparison at a cylinder temperature of 240^C and a mold tenv 
perature of 50 ^C, which were then tested for mechanical properties and antistatic property. The results of the 
measurennents are tabulated in Table 22. The tests for antistatic property were carried out by measuring the 
surface resistivity of the test pieces after having been treated and conditioned as described below. 

40 Not water washed, wherein the test pieces, after having been nK>lded, were held in an atmosphere of 20 

and 50 % RH for 24 hours. 

Water washed, wherein the test pieces, after having been molded, were washed with an aqueous solution 
of a detergent (Mamalemon manufactured by Lion, Ina) followed by washing with ion-excahanged water and 
drying to remove surfece moisture, and then held in an atmosphere of 20^ and 50 % RH for 24 hours. 

45 



so 



55 



37 



EP 0613 919 A1 



Table 22 



Tempera- 


Izod 


Flexural 


Surface 


Compati 


ture of 


Impact 


Modulus 


Resistivity bility 


Starting 


Strength 




Not 


Hater 


Height 






Water 


Hashed 


Loss* 






Hashed 








(Kg . cm/cm) (Kg/cm^ ) 






Ex.48 


280 


15 


13.000 


3x 10^^ 


5x10^^ (S) 


Ex.49 


280 


18 


13.500 


8xl0" 


7x10^° @ 


Ex.50 


275 


15 


13.000 


2 N/ 1 n^^ 

^ X 


^ x '■•V vS' 


Ex.51 


270 


13 


12,000 


5x10^^ 


7X10^^ @ 


Ex.52 


280 


13 


12.500 


IX 10^^ 


1X10^^ @ 


Ex.53 


275 


12 


12.500 


IX 10^^ 


2x10^^ @ 


Ex.54 


280 


9 


12,000 


2X10^^ 


3X10^^ @ 


Com . Ex . 37 


255 


8 


12.000 


9X10^' 


9X10^° O 


Com. Ex. 38 


255 


6 


11,500 


7x10^^ 


8x10^^ O 



*: Measured under air stream 



Claims 

1. A potyetheresteramide consteting essentially of residues derived from (1) a pdyamide oligomer with car- 
boxylic chain ends and having a number average molecular weight from 200 to 5,000 and (2) a bisphenol 
compound containing oxyalkyiene unfts and having a number average molecular weight from 300 to 3,000. 

2. Apolyetheresteramide according to datm 1, wherein the number average mdecuiar weight of the bisphe- 
nol compound is in the range from 1,600 to 3,000. 

3. A resin composition comprising at least 97 % by weight of a potyetheresteramide according to claim 1 or 
2 and 0.01 % by weight of a halide of an alkali metal or an alkaline earth metal, based on the total weight 
of the resin compositton. 

4. A resin compositbn according to daim 3, wherein the halide is sodium chloride or potassium chloride. 

5. An antistatic resin compositbn comprising 60 to 97 % by weight of (a) a themioplastic resin, and 3 to 40 
% by weight of (b) a polyetheresteramkJe according to daim 1 or 2 or a resin oompositton according to 
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10 



15 



daim 3 or 4, based on the total weight of (a) and (b). 

6. An antistatic resin composition according to daim 5 wherein the thermoplastic resin is selected from a 
polyolef In resin, a polyamide resin, a polyester resin, a polycartx>nate rasin, a polyacetal resin and a co- 
polymer of at least two monomers selected from styrenes, acrylic esters, methacrylic esters, acrylonitrile, 
methacrylonitrile and butadiene. 

7. An antistatic resin composition according to daim 6, wherein the polyolefin resin is polypropylene. 

8. An antistatic resin composition according to daim 5, wherein the thermoplastic resin is a combination of 
a polydef in resin, and a polyamide resin, a pdyester resin or a polyacetal resin. 

9. An antistatic resin composition according to daim 8, comprising, as the thermoplastic resin, 55 to 95 % 
by weightof a polyolefin resin and 1 to 20 % by weightof a polyamide resin, a polyester resin or a polyacetal 
resin, based on the total weight of the antistatic resin composition. 

10. An antistatic resin composition according to daim 5. wherein the themnoplastic resin is a combination of 
a polycarbonate resin and a copolymer of at least two monomers selected from styrenes, acrylic esters, 
methacrylic esters, acrylonitrile, methacrylonitrile and butadiene. 

20 11. An antistatic resin composition according to any one of dalms 5 to 10 and additionally comprising a conv 
patibilizer, present in an amount by weight, based on the total weight of the antistatic resin composition, 
not exceeding 40 %, which compatibilizer consists of a resin selected from a vinyl polymer having a func- 
tional group selected from carboxyl, epoxy, amino, hydroxyl, pdyoxyall^ne, sulfonic and sulfonate 
groups, and a block polymer having a polyolefin block and an aromatk: vinyl polymer block. 

25 

12. An antistatic resin compositkMi according to daim 11 , wherein the vinyl polymer having a f unctinal group 
is selected from 

(1) a polyolefin resin containing at least one carboxyl group and having an add value from 5 to 150 
and a number average molecular weight from 800 to 25,000; 
30 (2) a polyolefin resin containing at least one hydroxy! group and having an hydroxyl value from 5 to 

150 and a number average molecular weight from 800 to 25,000; and 

(3) a nxxiified polyolefin resin having a number average molecular weight from 1,000 to 28,000 pre- 
pared by the esterif ication of a polyolefin resin containing at least one carboxyl group and having an 
add value from 5 to 150 and a number average molecular weight from 800 to 25.000 with a polyox- 
3S yalkylene mono- or pdyol. 



40 



45 



so 



55 
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